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(57) ABSTRACT

Aroll electrode 1s provided with a core, an electrode, a fixing
part and a regulating part. The core extends 1n an axial
direction and has an outer circumierence that 1s substantially
circular. The electrode has an expansion coellicient lower
than that of the core. The electrode wound 1nto a roll shape
on the outer circumierence of the core. The fixing part 1s
provided for fixing an end portion from which the electrode
starts being wound around the core. The regulating part 1s
provided for regulating the axial movement of the electrode
wound 1nto the roll shape with respect to the core.
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ROLL ELECTRODE AND METHOD FOR
MANUFACTURING ROLL ELECTRODE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National stage application of
International Application No. PCT/IP2015/070333, filed

Jul. 15, 2015.

BACKGROUND

Field of the Invention

The present invention relates to a roll electrode and a
method for manufacturing a roll electrode.

Background Information

In recent years, 1n the automobile industry, advanced
clectronics industry, and the like, the demand for automobile
batteries and batteries for electronic devices 1s increasing,
and there are demands particularly for a reduction in size and
thickness, higher capacities, and the like. Of the above,
nonaqueous electrolyte secondary batteries, which have
higher energy densities compared to other batteries, are
attracting attention.

The manufacturing steps of such nonaqueous electrolyte
secondary batteries include a step to form a roll electrode by
winding an electrode around the outer circumierence of a
core that has a substantially circular outer circumierence
into a roll shape. A roll electrode 1s subjected to heat
treatment to remove moisture and the like contained therein,
and then cut mto the required length (for example, see
Japanese Laid Open Patent Application No. 2014-107237,
which 1s referred to hereinafter as Patent Document 1).

Japanese Laid Open Patent Application No. 2006-44838
(referred to hereinafter as Patent Document 2) discloses a
method of fixing an original printing plate at the start of
winding to a hollow core using tape, in the field of roll-
shaped original printing plates with a long original printing
plate wound around a hollow core. It also discloses that the
thickness of this tape 1s equal to or less than 0-20% of the
thickness of the original printing plate According to this
roll-shaped original printing plate, 1t 1s possible to carry out
winding without the stepped shape at the start of winding,
which occurs near the hollow core, being transferred, and
winding up can be carried out 1n a good state without
generating loosening 1n the winding or tightening of the
winding, to thereby improve the quality.

SUMMARY

Here, there are cases 1n which a roll electrode, such as that
disclosed 1n Patent Document 1, 1s transported to the place
where cutting 1s carried out after being subjected to heat
treatment. The present mventors found a problem 1n that a
phenomenon occurs i which, when transporting the roll
clectrode after carrying out the heat treatment described
above, the electrode that 1s wound into a roll shape 1s shifted
in the axial direction with respect to the core (so-called
winding deviation). Furthermore, according to evaluations
made by the present inventors, this problem occurs particu-
larly when the expansion coeflicient of the core that con-
figures the roll electrode 1s higher than the expansion
coellicient of the electrode. The cause of the problem was
found to be that, when the heat treatment 1s applied, the
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clectrode receives a compressive force from the core and a
gap 1s generated after the heat treatment between the core
and the electrode as well as between electrodes. Further-
more, 1t was found that generation of a winding deviation
cannot be prevented, even 1f the end portion from which the
clectrode starts being wound around the core 1s fixed, as 1n
the technique disclosed 1n Patent Document 2 described
above.

The present mvention was done to solve the problem
described above, and an object thereof 1s to provide a means
capable of suppressing the generation of winding deviation
in a roll electrode 1n which the expansion coeflicient of a
core 1s higher than that of an electrode.

The roll electrode according to the present invention that
achieves the object described above comprises a core that
extends 1n the axial direction and has a substantially circular
outer circumierence, and an electrode that has an expansion
coellicient that 1s lower than the expansion coelflicient of the
core¢ and that 1s wound into a roll shape on the outer
circumierence of the core. Additionally, the roll electrode
comprises a fixing part for fixing an end portion from which
the electrode starts being wound around the core, and a
regulating part for regulating the axial movement of the
clectrode wound into a roll shape with respect to the core.
The regulating part 1s a tape member that fixes an interme-
diate portion between the winding start end portion and a
winding finish end portion of the electrode to the core.

In addition, 1n the method for manufacturing a roll elec-
trode according to the present invention that achieves the
object described above, a winding-start end portion of an
clectrode that has an expansion coethlicient that 1s lower than
the expansion coetlicient of a core 1s fixed to the core, which
extends 1n the axial direction and has a substantially circular
outer circumierence. Then, the electrode 1s wound 1nto a roll
shape around the outer circumierence of the core up to an
intermediate portion between the winding-start end portion
and the winding-finish end portion of the electrode. Then,
the mntermediate portion 1s fixed to the core using tape, and
the electrode 1s wound into a roll shape around the outer
circumierence of the core up to the winding-finish end
portion.

In addition, the roll electrode according to the present
invention that achieves the object described above com-
prises a core that extends in the axial direction and has a
substantially circular outer circumierence, and an electrode
that has an expansion coethicient that is lower than the
expansion coellicient of the core and that 1s wound into a roll
shape on the outer circumierence of the core. Additionally,
the roll electrode comprises a fixing part for fixing an end
portion from which the electrode starts being wound around
the core, and a regulating part for regulating the axial
movement of the electrode wound into a roll shape with
respect to the core. The regulating part 1s a ring plate
disposed on both sides 1n the axial direction of the electrode
that 1s wound 1nto a roll shape, so as to be fixable to the outer
circumierence of the core. The outer circumierence of the
ring plate 1s configured to be on the inner circumierential
side of the central portion between the outermost perimeter
and the innermost perimeter of the electrode, which 1s
arranged 1n a roll shape, as viewed from the axial direction.

In addition, 1n the method for manufacturing a roll elec-
trode according to the present invention that achieves the
object described above, a winding-start end portion of an
clectrode that has an expansion coetlicient that 1s lower than
the expansion coetlicient of a core 1s fixed to the core, which
extends 1n the axial direction and has a substantially circular
outer circumference. Then, the electrode 1s wound 1nto a roll
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shape around the outer circumierence of the core up to the
winding-finish end portion of the electrode. Then, a ring
plate, the outer circumierence of which 1s configured to be
on the inner circumierential side of the central portion
between the outermost perimeter and the mnermost perim-
cter of the electrode, which 1s arranged in a roll shape, as
viewed from the axial direction, 1s disposed and fixed on
both sides 1n the axial direction of the electrode that 1s
wound into a roll shape, on the outer circumierence of the
core.

In addition, 1n the method for manufacturing a roll elec-
trode according to the present invention that achieves the
object described above, a pair of ring plates, the outer
circumierences of which are configured to be on the 1nner
circumierential side of the central portion between the
outermost perimeter and the innermost perimeter of the
clectrode, which 1s arranged 1n a roll shape, as viewed from
the axial direction, are disposed and fixed on the outer
circumierence of a core that extends in the axial direction
and has a substantially circular outer circumierence, at a
predetermined distance from each other in the axial direc-
tion. Then, a winding-start end portion of an electrode that
has an expansion coetlicient that 1s lower than the expansion
coellicient of a core 1s fixed to the core between the pair of
ring plates. Then, the electrode 1s wound 1nto a roll shape
around the outer circumierence of the core up to the wind-
ing-finish end portion of the electrode.

The roll electrode configured as described above com-
prises a regulating part for regulating the axial movement of
the electrode wound 1nto a roll shape with respect to the
core. Accordingly, it 1s possible to prevent a winding devia-
tion, which occurs due to a gap being generated between the
core and the electrode as well as between electrodes after the
heat treatment, 1n a roll electrode 1n which the expansion
coellicient of the core 1s higher than the expansion coetli-
cient of the electrode.

Additionally, according to the method for manufacturing
a roll electrode configured as described above, an interme-
diate portion between the winding-start end portion and the
winding-finish end portion of an electrode 1s fixed to the core
using tape. Accordingly, the fixing force of the electrode to
the core 1s enhanced. Therefore, 1t 1s possible to suppress the
generation of winding deviation 1n a roll electrode in which

the expansion coellicient of a core 1s higher than the expan-
sion coetlicient of an electrode.

Furthermore, according to the method for manufacturing
a roll electrode configured as described above, ring plates
are disposed on both sides i1n the axial direction of the
clectrode, that 1s wound into a roll shape. Accordingly, 1t 1s
possible to suppress the generation of winding deviation in
a roll electrode 1n which the expansion coeflicient of a core
1s higher than the expansion coetlicient of an electrode using
the ring plates.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

Referring now to the drawings, a roll electrode 1s illus-
trated.

FIG. 1 1s a perspective view 1llustrating a roll electrode
according to the first embodiment.

FIG. 2 15 a perspective view 1illustrating a state in which
a winding-start end portion of an electrode 1s fixed to a core
using a first tape member.

FIG. 3 15 a perspective view illustrating a state in which
an electrode has been wound around the core once.
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FIG. 4 1s a perspective view 1llustrating a state 1n which
an intermediate portion of an electrode 1s fixed to a core
using a second tape member.

FIG. 5A 1s a side surface view 1llustrating a roll electrode
before heat treatment.

FIG. 5B 1s a schematic cross-sectional view 1llustrating,
the roll electrode before heat treatment as seen along section
line 5B-5B 1n FIG. SA.

FIG. 6A 15 a side surface view 1llustrating a roll electrode
immediately after heat treatment.

FIG. 6B 1s a schematic cross-sectional view illustrating
the roll electrode immediately after heat treatment as seen
along section line 6B-6B 1n FIG. 6A.

FIG. 7A 15 a side surface view 1llustrating a roll electrode
when the temperature has returned to the atmospheric tem-
perature after heat treatment.

FIG. 7B 1s a schematic cross-sectional view the roll
clectrode when the temperature has returned to the atmo-
spheric temperature after heat treatment as seen along sec-
tion line 7B-7B in FIG. 7A.

FIG. 8 1s a schematic view illustrating the state of a
winding deviation.

FIG. 9 1s a view for explaining the eflect of the roll
clectrode according to the present embodiment.

FIG. 10 15 a perspective view illustrating a roll electrode
according to the modified example 1.

FIG. 11 1s a perspective view 1illustrating a roll electrode
according to the modified example 2.

FIG. 12 1s a schematic view illustrating a configuration 1n
which the intermediate portion 1s located on the outer
circumierence side of the central portion.

FIG. 13 15 a view for explaining the method of measuring,
the winding deviation amount.

FIG. 14 15 a perspective view illustrating a roll electrode
according to the second embodiment.

FIG. 135 1s a cross-sectional view of the roll electrode as
seen along section line 15-15 of FIG. 14.

(L]

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

The first embodiment according to the present invention
will be described below, with reference to the appended
drawings. In the explanations of the drawings, the same
clements are given the same reference symbols, and over-
lapping explanations are omitted. The dimensional ratios 1n
the drawings are exaggerated for convenience of explana-
tion, and are different from the actual ratios.

First Embodiment

FIG. 1 1s a perspective view 1illustrating a roll electrode
according to the first embodiment. FIG. 2 1s a perspective
view 1llustrating a state 1n which a winding-start end portion
of an electrode 1s fixed to a core using a first tape member.
FIG. 3 1s a perspective view 1llustrating a state 1n which an
clectrode has been wound around the core once. FIG. 4 1s a
perspective view 1llustrating a state 1n which an intermediate
portion of an electrode 1s fixed to a core using a second tape
member.

The roll electrode 1 according to the first embodiment
comprises a cylindrical core 10 that extends in the axial
direction (left/right direction in FIG. 1), and an electrode 20
that 1s wound 1nto a roll shape on the outer circumierence of
the core 10, as illustrated in FIGS. 1-4. The roll electrode 1
turther comprises a first tape member (corresponding to the
fixing part) 30 that fixes a winding-start end portion 21 of the
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clectrode 20 to the core 10, and a second tape member
(corresponding to the regulating part) 40 that fixes an
intermediate portion 23 of the electrode 20 to the core 10.

The core 10 has a through-hole 11 that extends there-
through 1n the axial direction, as illustrated in FIG. 1. A
rotatable winding shait (not shown) i1s inserted in the
through-hole 11 when winding the electrode 20 around the
core 10. The core 10 1s not limited as long as the outer
circumierence 1s substantially circular, and may have a
columnar shape or the like.

The material that constitutes the core 10 1s, for example,
aluminum. However, the material 1s not limited thereto, and
may be another metal material as long as the metal has a
higher thermal expansion coetlicient than the thermal expan-
sion coethicient of the electrode 20.

The electrode 20 comprises a current collector and an
active material layer. An example of a method for layering
an active material layer on the current collector 1s a method
to coat, and dry, an electrode slurry on the current collector,
but no limitation 1s imposed thereby. The electrode 20 may
be configured such that an active matenal layer 1s layered on
both sides of the current collector, or such that an active
matenal layer 1s layered on one side of the current collector.

The electrode 20 comprises a negative electrode and a
positive electrode.

A member that 1s conventionally used as a battery current
collector may be appropnately employed as the material
constituting the negative celectrode current collector.
Examples include aluminum, nmickel, iron, stainless steel
(SUS), titamium, and copper. Of the above, copper 1s prel-
crable as a negative electrode current collector from the
point of view of electron conductivity and battery operating,
potential. The thickness of the negative electrode current
collector 1s not particularly limited, and 1s set giving con-
sideration to the mtended use of the battery.

The negative eclectrode active material layer 1s, for
example, hard carbon (non-graphitizable carbon matenal).
However, no limitation 1s imposed thereby, and 1t 1s also
possible to use a graphite carbon material or a lithium-
transition metal composite oxide. In particular, a negative
clectrode active material comprising carbon and lithium-
transition metal composite oxide 1s favorable from the point
of view of capacity and output characteristics.

The same material constituting the negative electrode
current collector may be used as the material constituting the
positive electrode current collector. Of the above, aluminum
1s preferable as a positive electrode current collector from
the poimnt of view of electron conductivity and battery
operating potential. However, no limitation 1s imposed
thereby, and it 1s also possible to use an aluminum foil, a clad
material of nickel and aluminum, a clad material of copper
and aluminum, or plating material of a combination of these
metals. The thickness of the positive electrode current
collector 1s not particularly limited, and 1s set giving con-
sideration to the intended use of the battery.

An example of a matenial constituting the positive elec-
trode active material layer 1s LiMn,O,. However, no par-
ticular limitation 1s imposed thereby. It 1s preferable to apply
lithium-transition metal composite oxide, from the point of
view of capacity and output characteristics.

In the present invention, it 1s necessary for the combina-
tion of the current collector and the active matenal layer of
the electrode 20 to be a combination 1 which a gap 1s
generated between the core 10 and the electrode 20 after heat
treatment, as described later. That 1s, 1t 1s necessary for the
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combination to have, as the electrode 20 as a whole, a lower
thermal expansion coeflicient than the thermal expansion
coellicient of the core 10.

The first tape member 30 fixes the winding-start end
portion 21 of the electrode 20 to the core 10, as 1llustrated
in FIG. 2. The first tape member 30 i1s attached across the
entire region in the axial direction of the winding-start end
portion 21 of the electrode 20. The winding-start end portion
21 1s the position from which the electrode 20 starts being
wound around the core 10.

The first tape member 30 has adhesiveness on the lower
surface side in FIG. 2.

For example, a tape that uses an acrylic adhesive may be
used as the first tape member 30, but no limitation 1s
imposed thereby, and any tape member that 1s capable of
fixing the winding-start end portion 21 of the electrode 20 to
the core 10 may be used.

The second tape member 40 fixes an intermediate portion
23 between the winding-start end portion 21 and the wind-
ing-finish end portion 22 of the electrode 20 to the core 10,
as illustrated i FIGS. 3, 4. The winding-finish end portion
22 1s the position where the electrode 20 1s finished being
wound around the core 10 (refer to FIG. 1).

The second tape member 40 has adhesiveness on the
lower surface side in FIG. 3.

In the present embodiment, the intermediate portion 23 1s
located 1n a winding region of the electrode 20 that 1s wound
around the core 10 during the second turn, as illustrated 1n
FIGS. 3, 4. That 1s, the second tape member 40 1s attached
to the outer circumierence of the winding region of the
clectrode 20 that 1s wound around the core 10 during the
second turn, and fixes the intermediate portion 23 to the core
10.

Meanwhile, due to thermal expansion of the core 10 and
the electrode 20 using a heat treatment for removing mois-
ture, and the like, the core 10 presses the electrode 20
radially outward. Consequently, the surface roughness of the
winding region of the electrode 20 that 1s wound around the
core 10 during the first turn 1s particularly reduced. If the
second tape member 40 1s attached to the winding region of
the first turn, where the surface roughness has been reduced,
the adhesive force of the second tape member 40 with
respect to the winding region of the electrode 20 that 1s
wound around the core 10 during the first turn 1s reduced,
and the eflect to suppress winding deviation 1s decreased.
Theretore, 1t 1s preferable for the second tape member 40 to
avold the winding region of the electrode 20 that 1s wound
around the core 10 during the first turn, and to be attached
to the winding region that 1s wound around during the
second turn or later. However, the present invention includes
a mode 1n which the second tape member 40 1s attached to
the winding region of the electrode 20 that 1s wound around
the core 10 during the first turn.

The second tape member 40 1s attached to the interme-
diate portion 23 of the electrode 20 across the entire region
in the axial direction, as illustrated in FIG. 4.

The second tape member 40 1s disposed 1n a different
position 1n the circumierential direction with respect to the
first tape member 30 when viewed from the axial direction,
as 1llustrated 1n FIG. 4. By disposing the second tape
member 40 in this manner, compared to when being dis-
posed 1n the same position 1n the circumierential direction,
the height of the step that 1s generated radially outward,
caused by the thicknesses of the first tape member 30 and the
second tape member 40, can be reduced. Therefore, 1t 1s
possible to suppress the occurrence of looseming in the
winding or tightening of the winding, when winding the
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clectrode 20 around the core 10. The second tape member 40
may be disposed 1n the same position 1n the circumierential
direction, with respect to the first tape member 30.

The same matenal that constitutes the first tape member
30 may be used as the material constituting the second tape
member 40.

Next, the method for manufacturing a roll electrode 1
according to the first embodiment will be described.

First, the winding-start end portion 21 of the electrode 20

1s fixed to the core 10 by the first tape member 30, as
illustrated 1n FIG. 2.

Next, the electrode 20 1s wound 1nto a roll shape around
the outer circumierence of the core 10, up to the interme-
diate portion 23 between the winding-start end portion 21
and the winding-finish end portion 22.

Next, the intermediate portion 23 1s fixed to the core 10
by the second tape member 40, as illustrated 1n FIG. 4.

Then, the electrode 20 1s wound 1nto a roll shape around

the outer circumference of the core 10 up to the winding-
finish end portion 22 (refer to FIG. 1).

Next, the effect of the roll electrode 1 according to the first
embodiment will be described, with reference to FIGS.
5A-9. FIGS. 5A-8 are views for explaining the mechanism
by which a winding deviation occurs. Specifically, FIG. 5 1s
a view 1llustrating a roll electrode 1 before heat treatment;
FIG. 5A 1s a side surface view, and FIG. 5B 1s a schematic
cross-sectional view taken along section line SB-5B i FIG.
5A. FIG. 6 1s a view 1llustrating a roll electrode 1 immedi-
ately after heat treatment; FIG. 6A 1s a side surface view, and
FIG. 6B 1s a schematic cross-sectional view taken along
section line 6B-6B 1n FIG. 6A. FIG. 7 15 a view 1illustrating
a roll electrode 1 when the temperature has returned to the
atmospheric temperature after heat treatment; FIG. 7A 1s a
side surface view, and FIG. 7B 1s a schematic cross-sectional
view taken along section line 7B-7B 1n FIG. 7A. FIG. 8 1s
a schematic view 1llustrating the state of a winding devia-
tion. FIG. 9 1s a view for explaining the effect of the roll
clectrode 1 according to the present embodiment. In FIGS.
5-9, the first tape member 30 1s omitted for ease of under-
standing. In addition, the hatching 1s omitted in FIGS. 5B,
6B, and 7B. Furthermore, a side surface view 1s as viewed
from the axial direction.

First, the mechanism by which a winding deviation occurs
will be described, with reference to FIGS. SA-8.

Heat treatment 1s carried out for the purpose of removing
moisture, and the like, present inside the roll electrode, with
respect to a roll electrode in which an electrode 20 1s wound
around a core 10, as 1llustrated 1n FIGS. 5A and 5B. Heat
treatment entails, for example, vacuum drying carried out
for 24 hours at 150° C.

As a result, the core 10 and the electrode 20 are thermally
expanded, as illustrated 1n FIG. 6 A. More specifically, the
core 10 expands so as to spread radially inward and radially
outward. In addition, the electrode 20 expands so as to
spread radially outward. Since the core 10 and the electrode
20 are thermally expanded in this manner, the electrode 20
receives a compressive force from the core 10 1n the vicinity
of the winding-start end portion 21 of the electrode 20 (refer
to the arrow 1n FIG. 6B). As a result, the current collector of
the electrode 20 1s plastically deformed in the vicinity of the
winding-start end portion 21, and the minute gap between
the electrodes 20 that 1s generated when winding the elec-
trode 20 around the core 10 1s filled. Therefore, the thickness
W of the electrode 20 decreases toward the mner circum-
ferential side where the winding-start end portion 21 1is
located, as 1illustrated in FIG. 6B.
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Then, when the temperature returns to atmospheric tem-
perature after the heat treatment, the core 10 returns to the
shape before the heat treatment, as illustrated in FIGS. 7A
and 7B. In contrast, the current collector of the electrode 20
1s plastically deformed at the time of the heat treatment, as
described above, and the minute gap between the electrodes
20 that 1s generated when winding the electrode 20 around
the core 10 1s filled; therefore, the shape of the electrode
does not return to the shape before the heat treatment, and
becomes the shape 1llustrated 1 FIGS. 7A and 7B. Specifi-
cally, a gap S1 i1s formed between the core 10 and the
clectrode 20, and a gap S2 1s also formed between the
clectrodes 20 1n the vicinity of the winding-start end portion
21. The gap S2 1s formed smaller than the gap S1, and 1s
formed to become smaller from the inner circumierential
side to the outer circumierential side of the core 10.

When a roll electrode, in which gaps S1 and S2 are
formed 1n this manner, 1s transported, in the event a second
tape member 40 1s not provided as a comparative example,
a winding deviation occurs, 1n which the electrode 20 moves
in the axial direction with respect to the core 10, as 1llus-
trated 1n FIG. 8 (refer to the arrow 1n FIG. 8). The winding
deviation occurs particularly on the inner circumierential
side of the electrode 20 where the winding-start end portion
21 1s located, as illustrated in FIG. 8.

In contrast, by fixing the intermediate portion 23 to the
core 10 using the second tape member 40 as illustrated 1n
FIG. 9, the fixing force of the electrode 20 to the core 10 1s
enhanced. Accordingly, 1t 1s possible to suppress an occur-
rence of winding deviation. As described above, since a
winding deviation tends to occur on the iner circumieren-
tial side of the electrode 20, 1t 1s preferable for the second
tape member 40 to be attached on the mner circumierential
side of the electrode 20, which 1s wound 1nto a roll shape.

As described above, the roll electrode 1 according to the
first embodiment comprises a cylindrical core 10 that
extends 1n the axial direction and an electrode 20 that has an
thermal expansion coetlicient that 1s lower than the thermal
expansion coellicient of the core 10 and that 1s wound into
a roll shape on the outer circumierence of the core 10. The
roll electrode 1 turther comprises a first tape member 30 for
fixing the winding-start end portion 21 of the electrode 20 to
the core 10 and a second tape member 40 for regulating the
axial movement of the electrode 20 wound 1nto a roll shape
with respect to the core 10. Accordingly, it 1s possible to
suppress the generation of winding deviation in a roll
clectrode 1 1n which the thermal expansion coeflicient of the
core 10 1s higher than the thermal expansion coeflicient of
the electrode 20 by the second tape member 40.

In addition, the second tape member 40 1s a tape member
that fixes the intermediate portion 23 between the winding-
start end portion 21 and the winding-finish end portion 22 of
the electrode 20 to the core 10. Accordingly, the fixing force
of the electrode 20 to the core 10 1s enhanced by the second
tape member 40. Therefore, 1t 1s possible to suppress an
occurrence of winding deviation using an easy method to
attach the second tape member 40 to the core 10 and the
intermediate portion 23.

Therefore, the second tape member 40 fixes the interme-
diate portion 23 located in the winding region of the elec-
trode 20 that 1s wound around the core 10 during the second
turn to the core 10. Accordingly, the inner circumierential
side of the electrode 20, where winding deviation particu-
larly occurs, 1s fixed to the core 10 using the second tape
member 40. Therefore, 1t 1s possible to favorably suppress an
occurrence of winding deviation. Furthermore, since the
second tape member 40 1s attached while avoiding the
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winding region of the electrode during the first turn, where
the surface roughness 1s reduced by the heat treatment, as

described above, 1t 1s possible to more favorably suppress an
occurrence of winding deviation.

In addition, the first tape member 30 and the second tape
member 40 are disposed in different positions from each
other 1n the circumierential direction when viewed from the
axial direction. Accordingly, compared to when the first tape
member 30 and the second tape member 40 are disposed in
the same position 1n the circumierential direction, the height
of the step that 1s generated radially outward, due to the
thicknesses of the first tape member 30 and the second tape
member 40, can be reduced. Therefore, 1t 1s possible to
suppress the occurrence of loosening in the winding or
tightening of the winding, when winding the electrode 20
around the core 10.

In addition, as described above, 1n the method for manu-
facturing a roll electrode 1 according to the first embodi-
ment, the winding-start end portion 21 of the electrode 20,
having a lower thermal expansion coeflicient than the ther-
mal expansion coellicient of the core 10, 1s fixed to the
cylindrical core 10 that extends in the axial direction. Then,
the electrode 20 1s wound 1nto a roll shape around the outer
circumierence of the core 10, up to the intermediate portion
23 between the winding-start end portion 21 and the wind-
ing-finish end portion 22. Then, the intermediate portion 23
1s fixed to the core 10 using the second tape member 40, and
the electrode 20 1s wound into a roll shape around the outer
circumierence of the core 10 up to the winding-finish end
portion 22. According to this manufacturing method, the
intermediate portion 23 between the winding-start end por-
tion 21 and the winding-finish end portion 22 1s fixed to the
core 10 using the second tape member 40. Accordingly, the
fixing force of the electrode 20 to the core 10 1s enhanced.
Therefore, 1t 1s possible to suppress the generation of wind-
ing deviation in the roll electrode 1 1n which the thermal
expansion coellicient of the core 10 1s higher than the
thermal expansion coeflicient of the electrode 20.

Next, modified examples of the roll electrode 1 according
to the first embodiment will be described.

Modified Example 1

FIG. 10 15 a perspective view 1illustrating a roll electrode
2 according to the modified example 1. In the first embodi-
ment described above, the second tape member 40 1s
attached to the mtermediate portion 23 of the electrode 20
across the entire region in the axial direction. However, the
second tape member 240 may be provided shorter than the
width W1 of the electrode 20 along the axial direction, and
at least an edge 24 of the electrode 20 along a direction
intersecting the axial direction may be fixed to the core 10,
as illustrated i FIG. 10. According to this configuration, 1t
1s possible to reduce the amount of the second tape member
240 that 1s used compared to the first embodiment; therefore,
the roll electrode 2 can be manufactured at a low cost.

Furthermore, 1n the case of the second tape member 240
described above, the electrode 20 1n the winding region of
the third turn comes 1n contact with an exposed portion 26
where the electrode 20 1s exposed, located between the
second tape members 240. Accordingly, 11 the surface rough-
ness of the electrode 20 1s greater than that of the second tape
member 240, the frictional force between the winding region
of the second turn and the winding region of the third turn
of the electrode 20 1s increased, compared to a configuration
in which the second tape member 40 1s attached to the
intermediate portion 23 across the entire region in the axial
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direction. Therefore, it 1s possible to more favorably sup-
press an occurrence of winding deviation.

Modified Example 2

FIG. 11 1s a perspective view 1illustrating a roll electrode
3 according to the modified example 2. In the above-
described first embodiment, the second tape member 40
fixes the intermediate portion 23 located 1n the winding
region of the electrode 20 that 1s wound around the core 10
during the second turn to the core 10. However, the inter-
mediate portion 323, which 1s fixed to the core 10, may be
positioned on the mner circumierential side of the central
portion 20C of the outermost perimeter 20A and the mner-
most perimeter 208 of the electrode 20, which 1s arranged
in a roll shape, as viewed from the axial direction, as
illustrated 1n FI1G. 11. By fixing the intermediate portion 323,
positioned on the mner circumierential side of the central
portion 20C, to the core 10 using the second tape member
40, 1t 1s possible to fix the inner circumierential side of the
clectrode 20 where a winding deviation particularly occurs.
An mtermediate portion 423 that 1s fixed to the core 10 may
be positioned on the outer circumierential side of the central
portion 20C, as illustrated in FIG. 12.

Modified Example 3

In the first embodiment described above, a single-sided
tape having adhesiveness on one side was used for the first
tape member 30 and the second tape member 40. However,
the first tape member 30 and the second tape member 40
may be a double-sided tape having adhesiveness on both
sides.

Modified Example 4

In the first embodiment described above, the core 10 1s
configured from a metal material having a higher thermal
expansion coetlicient than the core 20, such as aluminum.
However, the core may be a paper tube. A paper tube
expands and contracts due to absorption of moisture. There-
fore, since winding deviation occurs with transportation
even 1f the core 1s a paper tube, 1t 1s possible to suppress an
occurrence of winding deviation by fixing the intermediate
portion 23 of the electrode 20 to the core using the second
tape member 40. Therefore, 1n the present invention, the
concept of the expansion coellicient includes the concepts of
both a thermal expansion coetlicient due to heat treatment
and an expansion coellicient due to absorption of moisture.

EXAMPLES

The first embodiment of the present invention 1s explained
in further detail below with examples, but the present
invention 1s not limited only to these examples.

First, the method of forming the electrode 20 1s described.
Here, particularly the negative electrode of the electrode 20
will be described as an example. First, a negative electrode
slurry was prepared by dispersing massive artificial graphite
(MAGD manufactured by Hitachi Chemical Co., Ltd.):
PVdF (polyvinylidene fluoride, binder) in NMP (N-methyl-
pyrrolidone) at a composition ratio of 92:8. Thereafter, the
negative electrode slurry was coated onto the surface of a Cu
fo1l having a thickness of 10 um using a die coater, and a
negative electrode was prepared by float drying at 80° C.
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Thereatter, pressing was carried out to pack the negative
clectrode to a density of 1.4 g/cc. The thickness of the
clectrode 20 was 130 um.

Next, the electrode 20 was wound around the core 10 to
produce a roll electrode 1. The winding length per one
clectrode was set to 900 m. The outer diameter of the core
was 160 mm.

Examples 1-3 and comparative examples 1-2 will be
described below.

Example 1

Aluminum was used as the maternial of the core. In
addition, the fixing method illustrated mm FIG. 1 and
described in the first embodiment was used as the fixing
method. The second tape member 40 was fixed 1n a position
separated from the first tape member 30 by 10 m.

Example 2

Aluminum was used as the material of the core. In
addition, the fixing method illustrated 1n FIG. 10 and
described 1n Modified Example 1 was used as the fixing
method. The second tape member 240 was fixed 1n a position
separated from the first fixing portion by 10 m.

Example 3

A paper tube was used as the material of the core. In
addition, the fixing method illustrated mm FIG. 1 and

described 1n the first embodiment was used as the fixing
method.

Comparative Example 1

Aluminum was used as the maternial of the core. In
addition, only the first tape member 30 was used and a
second tape member 40 was not used as the fixing method.

Comparative Example 2

A paper tube was used as the material of the core. In
addition, only the first tape member 30 was used and a
second tape member 40 was not used as the fixing method.

Next, the roll electrodes according to Examples 1-3 and
Comparative Examples 1-2 were subjected to a thermohy-

grostat bath test or a heat treatment test. Each of the test
methods will be described below.

The thermohygrostat bath test will be described. Specifi-
cally, roll electrodes were placed 1n a thermohygrostat bath
to carry out a heat cycle test. The conditions were as follows.

(1) Temperature 25° C., humidity 50% for 24 hours

(11) Temperature 60° C., humidity 50% for 24 hours

(111) Temperature 25° C., humidity 10% for 24 hours

(1v) Temperature 25° C., humidity 50% for 24 hours

Twenty sets of the cycle (1)-(1v) above were carried out.

The heat treatment test will be described. Specifically, roll
clectrodes were placed 1n a vacuum drying furnace to carry
out vacuum drying for 24 hours at a temperature of 150° C.

Next, a load test was carried out on the roll electrode
subjected to the thermohygrostat bath test or the heat treat-
ment test. Specifically, roll electrodes were placed i a
transport case, and a stop/go test was carried out using a
torklift. The conditions were as follows.

Speed: 10 km/h, number of stop/go: three, load direction:
axial direction
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Next, the method of evaluating the winding deviation
amount will be described.

A score line L was drawn, and the winding deviation
amount D after the above-described load test was measured,
as 1illustrated i FIG. 13.

The evaluation results of the winding deviation amount of
Examples 1-3 and Comparative Examples 1-2 are shown
together 1n Table 1.

TABLE 1

Thermohygrostat Heat treatment

bath test test
Example 1 2 mm 1.5 mm
Example 2 0 mm 0 mm
Example 3 1.5 mm 1 mm
Comparative 3 mm 20 mm
Example 1
Comparative 22 mm 16 mm
Example 2

Comparison Results

From the results of Examples 1, 2 and Comparative
Example 1, i1t was confirmed that generation of winding
deviation that occurs when transporting a roll electrode
could be suppressed using the first embodiment and modi-
fied example 1 of the present invention.

In addition, by comparing Example 1 according to the first
embodiment and Example 2 according to Modified Example
1, 1t can be seen that generation of winding deviation can be
more favorably suppressed using Example 2 according to
Modified Example 1. This 1s because, as described above, 1f
the surface roughness of the electrode 20 1s greater than that
of the second tape member 240, the frictional force between
the winding region of the second turn and the winding region
of the third turn of the electrode 20 1s increased, by an
exposed portion 26 where the electrode 20 1s exposed being
provided between the second tape members 240.

In addition, from the results of comparative example 2
and Example 3, it was confirmed that generation of winding
deviation can be suppressed even 1f a paper tube 1s used as
the core material instead of aluminum. This 1s because a
paper tube expands and contracts by absorbing moisture,
and demonstrates that the present invention 1s eflective not
only with respect to thermal expansion, but 1s effective 1n
cases where there 1s a diflerence between the expansion/
contraction ratios of the core and the electrode due to any
physical factor, such as moisture and heat.

Second Embodiment

Next, the second embodiment of the present immvention
will be described. Descriptions of portions shared with the
first embodiment will be omitted, and portions characteristic
only to the second embodiment will be described. The roll
clectrode 4 according to the second embodiment 1s difierent
from the roll electrode 1 according to the first embodiment
in the means for suppressing generation of winding devia-
tion.

FIG. 14 15 a perspective view illustrating a roll electrode
4 according to the second embodiment. FIG. 15 1s a cross-
sectional view taken along the 15-15 line of FIG. 14.

The roll electrode 4 according to the second embodiment
comprises a core 110, an electrode 20, a first tape member
30, and a ring plate (corresponding to the regulating part)
140, as 1illustrated in FIG. 14. The configurations of the
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clectrode 20 and the first tape member 30 are the same as the
configuration of the roll electrode 1 according to the first
embodiment, and thus descriptions thereof are omitted.

The core 110 comprises a through-hole 11 extending in
the axial direction and two groove portions 113A, 113B
provided to the outer perimeter portion 112, as illustrated in
FIG. 15.

The two groove portions 113 A, 113B are provided on both
sides of the electrode 20 1n the axial direction, as illustrated
in FIG. 15. Protrusions 144 of the ring plate 140, described
later, are fitted to the two groove portions 113A, 113B.

The ring plate 140 regulates the axial movement of the
clectrode 20 wound 1nto a roll shape with respect to the core
10. Two ring plates 140 are disposed on both sides of the
clectrode 20 wound 1nto a roll shape in the axial direction.

The ring plate 140 comprises a main body portion 141, a
recess 142 provided on the mner circumierential side of the
main body portion 141, an elastic member 143 disposed in
the recess 142, and a protrusion 144 to which a radially
inward biasing force 1s applied by the elastic member 143,
as 1llustrated 1n FIG. 15.

The outer circumierence of the main body portion 141 1s
configured to be on the inner circumierential side of the
central portion 20C between the outermost perimeter 20A
and the mnermost perimeter 20B of the electrode 20, which
1s arranged in a roll shape, as viewed from the axial
direction. The outer circumierence of the main body portion
141 may be configured to exceed the central portion 20C to
be on the outer circumierential side.

The elastic member 143 1s fixed to the recess 142. The
protrusion 144 1s fixed to the eclastic member 143. The
respective {ixing means are not particularly limited.

The protrusion 144 i1s imparted with a radially inward
biasing force by the elastic member 143 and 1s fitted to the
two groove portions 113A, 113B of the core 110. The ring
plate 140 1s thereby fixed to the outer circumierence of the
core 110.

According to a roll electrode 4 configured 1n this manner,
ring plates 140 are disposed on both sides in the axial
direction of the electrode 20 that 1s wound mto a roll shape.
Accordingly, 1t 1s possible to suppress the generation of
winding deviation in the roll electrode 4 in which the
expansion coeflicient of the core 110 1s higher than the
expansion coeflicient of the electrode 20 by the ring plates
140.

Next, the method for manufacturing a roll electrode 4
according to the second embodiment will be described.

First, the winding-start end portion 21 of the electrode 20
1s fixed to the core 110 using the first tape member 30.

Then, the electrode 20 1s wound 1nto a roll shape around
the outer circumierence of the core 110 up to the winding-
finish end portion 22 of the electrode 20.

Then, ring plates 140 are disposed and fixed on both sides
in the axial direction of the electrode 20 that 1s wound nto
a roll shape, on the outer circumierence of the core 110. At
this time, the protrusion 144 of the ring plate 140 1s imparted
with a radially inward biasing force by the elastic member
143 and 1s fitted to the two groove portions 113A, 113B of
the core 110.

The manufacturing method 1s not limited to the manufac-
turing method described above and may be a manufacturing,
method 1n which the electrode 20 1s wound 1nto a roll shape
around the outer circumierence of the core 110, after the ring
plates 140 are disposed and fixed on the outer circumierence
of the core 110.

As described above, the ring plates 140 of the roll
clectrode 4 according to the second embodiment are fixably
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disposed on the outer circumierence of the core 110, on both
sides 1n the axial direction of the electrode 20, which 1s
wound 1nto a roll shape. Accordingly, 1t 1s possible to
suppress the generation of winding deviation in the roll
clectrode 4 1n which the thermal expansion coellicient of the
core 110 1s lhugher than the thermal expansion coetlicient of

the electrode 20 by the ring plates 140.

Additionally, the outer circumierence of the ring plate 140
1s configured to be on the inner circumierential side of the
central portion 20C between the outermost perimeter 20A
and the mnermost perimeter 208 of the electrode 20, which
1s arranged in a roll shape, as viewed from the axial
direction. Accordingly, it 1s possible to regulate the move-
ment on the mner circumierential side, where winding
deviation particularly occurs.

In addition, as described above, 1n the method for manu-
facturing a roll electrode 4 according to the second embodi-
ment, the winding-start end portion 21 of the electrode 20,
having a lower thermal expansion coeflicient than the ther-
mal expansion coetlicient of the core 110, 1s fixed to the
cylindrical core 110 that extends 1n the axial direction. Then,
the electrode 20 1s wound into a roll shape around the outer
circumierence of the core 110 up to the winding-finish end
portion 22 of the electrode 20, and plates 140 are disposed
and fixed on both sides in the axial direction of the electrode
20 that 1s wound 1nto a roll shape, on the outer circumierence
of the core 110. Accordingly, 1t 1s possible to suppress the
generation of winding deviation 1n the roll electrode 4 1n
which the thermal expansion coeflicient of the core 110 1s
higher than the thermal expansion coellicient of the elec-
trode 20 by the ring plates 140.

In addition, in the method for manufacturing the roll
clectrode 4 according to the second embodiment, a pair of
ring plates 140 are disposed and fixed on the outer circum-
terence of the cylindrical core 110 that extends 1n the axial
direction, at a predetermined distance from each other in the
axial direction. Then, the winding-start end portion 21 of the
clectrode 20, which has a lower thermal expansion coetl-
cient than the thermal expansion coeflicient of the core 110,
1s {ixed to the core 110 between the pair of ring plates 140,
and the electrode 20 1s wound into a roll shape around the
outer circumierence of the core 110 up to the winding-finish
end portion 22 of the electrode 20. Accordingly, it 1s possible
to suppress the generation of winding deviation 1n the roll
clectrode 4 1n which the thermal expansion coeflicient of the
core 110 1s hugher than the thermal expansion coetlicient of
the electrode 20 by the ring plates 140.

The mvention claimed 1s:

1. A roll electrode comprising:

a core extending i an axial direction and having a
substantially circular outer circumierence;

an electrode having an expansion coeflicient that 1s lower
than an expansion coeflicient of the core and being
wound 1nto a roll shape on the outer circumierence of
the core;

a fixing part fixing an end portion from which the elec-
trode starts being wound around the core; and

a regulating part regulating the axial movement of the
clectrode wound 1nto the roll shape with respect to the
core, the regulating part being a tape member that fixes
an intermediate portion between a winding-start end
portion and a winding-finish end portion of the elec-
trode to the core such that an amount that the electrode
shifts radially outward with respect to the core caused
by thermal treatment 1s reduced, at least a portion of the
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fixing part and at least a portion of the regulating part
directly contacting the core to regulate axial movement
of the electrode.

2. The roll electrode according to claim 1, wherein

the tape member fixes the intermediate portion, located on
an 1nner circumierential side of a central portion
between an outermost perimeter and an innermost
perimeter of the electrode, which 1s arranged 1n a roll
shape as viewed from the axial direction, to the core.

3. The roll electrode according to claam 1, wherein

the tape member fixes the intermediate portion, located 1n
a winding region of the electrode that 1s wound around
the core during a second turn or later, to the core.

4. The roll electrode according claim 1, wherein

the fixing part and the tape member are oflset with respect
to each other in the circumierential direction when
viewed from the axial direction.

5. The roll electrode according to claim 1, wherein

the tape member 1s provided shorter than the width of the
clectrode along the axial direction, and at least an edge
of the electrode along a direction 1ntersecting the axial
direction 1s fixed to the core.

6. The roll electrode according to claim 5, wherein

the surface roughness of the electrode 1s greater than that
of the tape member.
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7. A method for manufacturing a roll electrode, the

method comprising:

fixing a winding-start end portion of an electrode to a core
by fixing a tape directly to the core in which the
clectrode has an expansion coeflicient that 1s lower than
the expansion coeflicient of the core such that an
amount that the electrode shifts radially outward with
respect to the core caused by thermal treatment is
reduced, the core extending 1n an axial direction and
has a substantially circular outer circumierence;

winding the electrode into a roll shape around the outer
circumierence of the core up to an intermediate portion
between the winding-start end portion and a winding-
finish end portion of the electrode;

fixing the intermediate portion to the core by fixing
another tape directly to the core; and

winding the electrode into a roll shape around the outer
circumierence of the core up to the winding-finish end
portion.

8. The roll electrode according to claim 1, wherein

the fixing part and the regulating part extend from lateral
sides of the electrode to directly contact the core.
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